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general principles to start with. No person who is not 
grounded in such broad principles can properly appreciate 
the explanation of the phenomena with which his daily ex¬ 
perience brings him into contact, and if his previous training is 
insufficient to enable him to understand the nature of the 
changes which occur in the course of his operations, he cannot 
derive any advantage from technical instruction. These remarks 
will, I hope, serve to emphasize a distinction which exists 
between technical chemistry and other technical subjects, and I 
have thought it desirable to avail myself of the present oppor¬ 
tunity of calling particular attention to this point, because it is 
one which is generally ignored in all discussions on technical 
education. 

“The reason for this difference in the mode of treatment of 
chemical subjects is not difficult to find. The chemical tech¬ 
nologist—the man who is engaged in the manufacture of useful 
products out of certain raw materials—is, so far as the purely 
scientific principles are concerned, already at a very advanced 
stage, although he may not realize this to be the case. The 
chemistry of manufacturing operations, even when these are of 
an apparently simple kind, is of a very high order of complexity. 
There are many branches of chemical industry in which the 
nature of the chemical changes undergone by the materials is 
very imperfectly understood ; there is no branch of chemical 
industry of which the pure science can be said to be thoroughly 
known. For these reasons 1 believe that I am justified in 
stating that the chemical technologist is working at a high level, 
so far as the science of his subject is concerned, and this 
explains why he cannot be dealt with by the analytical method. 

“ The general considerations which have been offered apply 
to the special subject of photography with full force. A person 
may become an adept as an operator without knowing anything 
of physics or chemistry ; there are thousands of photographers 
all over the country who can manipulate a camera and develop 
and print pictures with admirable dexterity, who are in this 
position. If we adopt the narrow definition of technical instruc¬ 
tion, we should appoint such experts in our Colleges, and 
through them impart the art of taking pictures to thousands of 
others. But would our position as a photographing nation be 
improved by this process ? I venture to think not. We might 
be carrying out the ideas of certain technical educators by 
adopting this method, but I do not imagine that in the long run 
the subject itself would be much advanced ; our position in the 
scale of industry would not be materially raised by the wholesale 
manufacture of skilful operators. And so with all other branches 
of applied chemistry; it is technologists whose knowledge is 
based on a broad foundation that are wanted for the improve¬ 
ment of our industries. These are the men who are raised in 
the technical high schojis of the Continent, and whose training 
the Continental industries have had the wisdom to avail them¬ 
selves of.” 


AN ASTRONOMERS WORK IN A MODERN 
OBSERVATORYI 

HE work of astronomical observatories has been divided 
into two classes, viz. astrometry and astrophysics. The 
first of these relates to astronomy of precision, that is to the 
determination of the positions of celestial objects; the second 
relates to the study of their physical features and chemical 
constitution. 

Some years ago the aims and objects of these two classes of 
observatories might have been considered perfectly distinct, and, 
in fact, were so considered. But I hope to show that in more 
recent years their objects and their processes have become so 
interlaced that they cannot with advantage be divided, and a 
fully equipped modern observatory must be understood to 
include the work both of astrometry and astrophysics . 

In any such observatory the principal and the fundamental 
instrument is the transit circle. It is upon the position in the 
heavens of celestial objects, as determined with this instrument 
or with kindred instruments, that the whole fair superstructure 
of exact astronomy rests ; that is to say, all that we find of 
information and prediction in our nautical almanacs, all that 
we know of the past and can predict of the future motions of 
the celestial bodies. 

1 Friday Evening Discourse delivered at the Royal Institution by Dr. 
David Gill, F. R.S., Her Majesty’s Astronomer at the Cape of Good Hope, 
on May 29, 1891. 
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Heie is a veiy snail ar.d imperfect model, but it will serve 
to render intelligible the photograph of the actual instrument 
which will be subsequently projected on the screen. [Here the 
lecturer described the adjustments and mode of using a transit 
circle.] 

We are now in a position to understand f holographs of the 
instrument itself. But first of all as to the house in which it 
dwells. Here, now on the screen, is the outside of the main 
building of the Ro}al Observatory, Cape of Good Hope. I 
select it simply because, being the observatory which it is my 
privilege to direct, it is the one of which I can most easily 
procure a series of photographs. It was built during the years 
1824-28, and like all the observatories built about that time, 
and like too many built since, it is a very fair type of most of 
the things which an observatory should not be. It is, as you 
see, ran admirably solid and substantial structure, innocent of 
any architectural chaim, and so far as it affords an excellent- 
dwelling-place, good library accommodation, and good rooms for 
computers, no fault can be found with it. But these very 
qualities render it undesirable as an observatory. An essential 
matter for a perfect observatory should be the posssibility to 
equalize the internal and the external temperature. The site 
of an instrument should also be free from the immediate 
surroundings of chimneys or other origin of ascending currents 
of heated air. Both these conditions are incompatible with 
thick walls of masonry and the chimneys of attached dwelling 
houses, and therefore, as far as possible, I have removed the 
instruments to small detached houses of their own. But the 
transit circle still remains in the main building, for, as will be 
evident to you, it is no easy matter to transport such an 
instrument. 

The two first photographs show the instrument, in one case 
pointed nearly horizontally to the north, the other pointed 
nearly vertical. Neither can show all parts of the instrument, 
but you can see the massive stone piers, w-eighing many tons 
each, which, resting on the solid blocks 10 feet below, support 
the pivots. Here are the counter-weights which remove a great 
part of the weight of the instrument from the pivots, leaving 
only a residual pressure sufficient to enable the pivots to preserve 
the motion of the instrument in its proper plane. Here are the 
microscopes by which the circle is read. Here the opening 
through which the instrument views the meridian sky. The 
observer’s chair is shown in this diagram. His work appears 
to be very simple, and so it is, but it requires special natural 
gifts, patience and devotion, and a high sense of the importance 
of his work to make a first-rate meridian observer. Nothing 
apparently more monotonous can be w ell imagined if a man is 
“not to the manner born.” 

Having directed his instrument by means of the setting circle 
to the required altitude, he clamps it there and waits for the 
star which he is about to observe to enter the field. This is 
what he sees. [Artificial transit of a star by lantern.] 

As the star enters the field it passes wire after wire, and as 
it passes each wire he presses the key of his chronograph and 
records the instant automatically. As the star passes the 
middle wire he bisects it with the horizontal web, and again 
similarly records on his chronograph the transit of the star over 
the remaining webs. Then he reads off the microscopes by 
which the circle is read, and also the barometer and thermometer, 
in order afterwards to be able to calculate accurately the effect 
of atmospheric refraction on the observed altitude of the star j 
and then his observation is finished. Thus the work of the 
meridian observer goes on, star after star, hour after hour, and 
night after night; and, as you see, it differs very widely from 
the popular notion of an astronomer’s occupation. It presents- 
no dreamy contemplation, no watching for new stars, no 
unexpected or startling phenomena. On the contrary, there is 
beside him the carefully prepared observing-list for the night, 
the previously calculated circle setting for each star, allowing 
just sufficient time for the new setting for the real star after the 
readings of the circle for the previous observation. 

After four or five hours of this work, the observers have had 
enough of it ; they have, perhaps, observed fifty or sixty stars, 
they determine certain instrumental errors, and betake them¬ 
selves to bed, tired, but (if they are of the right stuff) happy 
and contented men. At the Cape we employ two observers — 
one to read the circle, and one to record the transit. Four 
obseivers are employed, and they are thus on duty each alter¬ 
nate night. Such is the w ork that an outsider would see w ere 
he to enter a working meridian observatory at night, but he 
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would find ou* - , if he came next morning, that the work was by 
no means over. By far the largest part has yet to follow. An 
observation that requires only two or three minutes to make at 
night, requires at least half an hour for its reduction by day. 
Each observation is affected by a number of errors, and these 
have to be determined and allowed for. Although solidly 
founded on massive piers resting on the solid rock, the con¬ 
stancy of the instrument’s position cannot be relied upon. It 
goes through small periodic changes in level, in eollimation, and 
in azimuth, which have to be determined by proper means, and 
the corresponding corrections have to be computed and applied ; 
and, also, there are other corrections for refraction, &c., which 
involve computation and have to be applied. But these matters 
would fall more properly under the head of a special lecture 
upon the transit instrument. I mention them now, merely to 
explain why so great a part of an astronomer’s work comes in 
the daytime, and to dispel the notion that his work belongs only 
to the night. 

One might very well occupy a special lecture in an account of 
the peculiarities of what is called personal equation—that is to 
say, the different time which elapses for different observers 
between the time when the observer believes the star to be 
upon the wire, and the time when the finger responds to the 
message which the eye has conveyed to the brain. Some ob¬ 
servers always press the key too soon ; some always too late. 
Some years ago I discovered, from observations to which I will 
subsequently refer, that all observers press the chronograph key 
either too soon for bright stars or too late for faint ones. 

Other errors may, and I am sure do, arise both at Greenwich 
and the Cape, from the impossibility of securing uniformity of 
outside and inside temperature in a building of strong masonry. 
The ideal observatory should be solid as possible as to its 
foundations, but light as possible as to its roof and walls—say, 
a light framework of iron covered with canvas. But it would 
be undesirable to cover a valuable and permanent instrument in 
this way. 

But here is a form of observatory which realizes all that is 
required, and which is eminently suited for permanent use. 
The walls are of sheet iron, which readily acquire the tem¬ 
perature of the outer air. The iron walls are protected from 
direct sunshine by wooden louvres, and small doors in the iron 
walls admit a free circulation of air. The revolving roof is 
a light framework of iron covered with well-painted papier- 
mache ’ 

The photograph now on the screen shows the interior of the 
observatory, and this brings me to the description of observa¬ 
tions of an entirely different class. In this observatory the roof 
turns round on wheels, so that any part of the sky can be 
viewed from the telescope. This is so, because the instrument 
in this observatory is intended for purposes which are entirely 
different from those of a transit circle. The transit circle, as 
we have seen, is used to determine the absolute positions of the 
heavenly bodies ; the heliometer, to determine with greater 
precision than is possible by the absolute method the relative 
positions of celestial objects. 

To explain my meaning as to absolute and relative positions. 
It would, for example, be a matter of very little importance if the 
absolute latitude of a point on the Royal Exchange or the Bank of 
England were one-tenth of a second of arc (or io feet) wrong in 
the maps of the Ordnance Survey of England—that would con¬ 
stitute a small absolute error common to all the buildings on the 
same map of a part of the city, and common to all the adjoining 
maps also. Such an error, regarded as an absolute error, would 
evidently be of no importance if every point on the map had the 
same absolute error. There is no one who can say at the present 
moment whether the absolute latitude of the Royal Exchange- 
nay, even of the Royal Observatory, Greenwich—is known to 
10 feet. But it would be a very serious thing indeed if the re¬ 
lative positions on the same map were io feet wrong here and 
there. For example, if of two points marking a frontage 
boundary on CornhilJ, one were correct, the other io feet in 
error, what a nice fuss there would be ! what food for lawyers ! 
what a bad time for the Ordnance Survey Office ! Well, it is 
just the same in astronomy. 

We do not know, we probably never shall know with cer¬ 
tainty, the absolute places of even the principal stars to one-tenth 
of a second of arc. But one-tenth of a second of arc in the 
measure of some relative position would be fatal. For example, 
in the measurement of the sun’s parallax an error of one-tenth 
of a second of arc means an error of i,coo,ooo miles, in round 
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numbers, in the sun’s distance ; and it is only when we can be 
quite certain of our measures of much smaller quantities than 
one-tenth of a second of arc, that we are in a position to begin 
seriously the determination of such a problem as that of the 
distances of the fixed stars. For these problems we must use 
differential measures—that is, measures of the relative positions 
of two objects. The most perfect instrument for such purposes 
is the heliometer. 

Lord McLaren has kindly sent from Edinburgh, for the pur¬ 
poses of this lecture, the parts of his heliometer which are 
necessary to illustrate the principles of the instrument. 

This instrument is the same which I used on Lord Crawford’s 
expedition to Mauritius in 1874. It was also kindly lent to me 
by Lord Crawford for an expedition to the Island of Ascension 
to observe the opposition of Mars in 1877. In 1879, when I 
went to the Cape, I acquired the instrument from Lord Craw¬ 
ford, and carried out certain researches with it on the distances 
of the fixed stars. 

In 1887, when the Admiralty provided the new heliometer 
for the Cape Observatory, this instrument again changed hands. 
It became the property of Lord McLaren. I felt rather dis¬ 
loyal in parting with so old a friend. We had spent so many 
happy hours together, we had shared a good many anxieties 
together, and we knew each pikeds weaknesses so well. But my 
old friend has fallen into good hands, and has found another 
sphere of work. 

The principle of the instrument is as follows. [The instru¬ 
ment was here explained.] 

There is now on the screen a picture of the new heliometer 
of the Cape Observatory, which was mounted in 1887, and has 
been in constant use ever since. It is an in.-trument of the most 
refined modern construction, and is probably the finest apparatus 
for refined measurement of celestial angles in the world. 

[Here were explained the various parts of the instrument 
in relation to the model, and the actual processes of observa¬ 
tion were illustrated by the images of artificial stars projected on 
a screen.] 

Here, again, there is little that conforms to the popular idea 
of an astronomer’s work ; there is no searching for objects, no 
contemplative watching, nothing sensational of any kind. On 
the contrary, every detail of his work has been previously 
arranged and calculated beforehand, and the prospect that lies 
before him in his night’s work is simply more or less of a 
struggle with the difficulties which are created by the agitation 
of the star images, caused by irregularities in the atmospheric 
refraction. It is not upon one night in a hundred that the 
images of stars are perfectly tranquil. You have the same effect 
in an exaggerated way when looking across a bog on a hot day. 
Thus, generally, as the images are approached, they appear to 
cross and recross each other, and the observer must either seize 
a moment of comparative tranquillity to make his definitive bi¬ 
section, or he may arrive at it by gradual approximations till he 
finds that the vibrating images of the two stars seem to pass 
each other as often to one side as to the other. So soon as such 
a bisection has been made, the time is recorded on the chrono¬ 
graph, then the scales are pointed on and printed off, and so the 
work goes on, varied only by reversals of the segments and of 
the position circle. Generally, I now arrange for thirty-two 
such bisections, and these occupy about an hour and a half. By 
that time one has had about enough of it, the nerves are somewhat 
tired, so are the muscles of the back of the neck ; and if the 
observer is wise, and wishes to do his best work, he goes to 
bed early and gets up again at two or three o’clock in the morn¬ 
ing, and goes through a similar piece of work. In fact, this 
must be his regular routine night after night, whenever the 
weather is clear, if he is engaged, as I have been, on a large 
programme of work on the parallaxes of the fixed stars, or on 
observations to determine the distance of the sun by observations 
of minor planets. 

I will not speak now of these researches, because they are 
stili in process of execution or of reduction. I would rather, 
in the first place, endeavour to complete the picture of a night’s 
work in a modern observatory. 

We pass on to celestial photography, where astrometry and 
astrophysics join hands. Here on the screen is the interior of 
one of the new photographic observatories, that at Paris. [Brief 
description.] 

Here is the exterior of our new photographic observatory at 
the Cape. Here is the interior of it, and the instrument. [Brief 
description.] 
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The observer’s work during the exposure is simply to direct 
i he telescope to the required part of the sky, and then the clock¬ 
work nearly does the rest—but not quite so. The observer 
holds in his hand a little electrical switch with two keys ; by 
pressing one key he can accelerate the veloci ly of the driving- 
screw by about I per cent., and by pressing the other he can 
retard it I per cent. In this way he keeps one of the stars in 
the field always perfectly bisected by the cross-wires of his 
guiding telescope, and thus corrects the small errors produced 
partly by changes of refraction, partly by minute unavoidable 
errors in cutting the teeth of the arc into which the screw of the 
driving-shaft of the clockwork gears. 

The work is monotonous rather than fatiguing, and the com¬ 
panionship of a pipe or cigar is very helpful during long ex¬ 
posures. A man can go on for a watch of four or five hours 
very well, taking plate after plate, exposing each, it may be, 
forty minutes or an hour. If the night is fine, a second observer 
follows the first, and so the work goes on the greater part of the 
night. Next day he develops his plate, and gets something like 
this. [Star-cluster.] 

Working just in this way, but with the more humble appara¬ 
tus which you see imperfectly in the picture now on the screen, 
we have photographed at the Cape during the past six years the 
whole of the southern hemisphere from 20° of south declination 
to the South Pole. 

The plates are being measured by Prof. Kapteyn, of Gronin¬ 
gen, and I expect that in the course of a year the whole work, 
containing all the stars to 9J magnitude (between 200,000 and 
300,000 slars) in that region, will be ready for publication. 
This work is essential as a preliminary step for the execution in 
the southern hemisphere of the great work inaugurated by the 
Astrophotographic Congress at Paris in 1887, the last details of 
which were settled at our meeting at Paris in April last. What 
we shall do with the new apparatus, perhaps £ may have the 
honour to describe to you some years hence, after the work has 
been done. 

We now come to an important class of astronomical work, 
more purely astrophysical, for the illustration of which I can no 
longer appeal to the Cape, because I regret to say that we are 
not yet provided with the means for its prosecution. I refer to 
the use of the spectroscope in astronomy, and especially to the 
latest developments of its use for the accurate measurement of 
the velocity of the motions of stars in the line of sight. 1 

It is beyond the province of this lecture to enter into history, 
but it is impossible not to refer to the fact that the chief im¬ 
pulse to astronomical work in this direction was given by Dr. 
Huggins, our Chairman to-night—nay, more, except for the 
early contributions of Fraunhofer to the subject, Dr. Pluggins 
certainly is the father of sidereal spectroscopy, and that not in 
one but in every branch of it. He has devised the means, 
pointed the way, and, whilst in many branches of the work he 
still continues to lead the way, he has of necessity left the 
development of other branches to other hands. 

From an astronomer’s point of view the most important ad¬ 
vance that has been made in spectroscopy of recent years is the 
sudden development of precision in the measures of star motion 
in the line of sight. The method remained for fifteen or sixteen 
years quite undeveloped from the condition in which it left the 
hands of Dr. Huggins, and certainly no progress in the accuracy 
attained by Dr. Huggins was made till the matter was taken up 
Dr. Vogel at Potsdam. At a single step Dr. Vogel has raised 
the precision of the work fiom that of observations in the days 
of Ptolemy to that of the days of Bradley—from the days of 
the old sights and pinnules to the days of telescopes. There¬ 
fore I take a Potsdam observation as the best type of a modern 
spectroscopic observation for description, especially as I have 
recently visited Dr. Vogel at Potsdam, and he has kindly given 
me a photograph of his spectroscope, as well as of some of the 
work done with it. 

A photograph of the Potsdam spectroscope attached to the 
equatorial is now on the screen. [Description.] 

The method of observation consists simply in inserting a small 
photographic plate in the dark slide, directing the telescope to 
the star, and keeping the image of the star continuously on the 
slit during an exposure of about an hour; and this is what is 
obtained on development of the picture. 

If the star remained perfectly at rest between the jaws of the 

1 The older methods enabled us to measure motions at right angles to the 
line of sight, but till the spectre scope came we could not measure motions in 
the line of sight. 
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slit the spectrum would be represented by a single thread of 
light, and of course no lines would be visible upon such a 
thread ; but the observer intentionally causes the star image to 
travel a little along the slit during the time of exposure, and so a 
spectium of sensible width is obtained. 

You will remark how beautifully sharp are the faint lines in 
this spectrum. Those who have tried to observe the spectrum 
of Sirius in the ordinary way, know that many of these fine lines 
cannot be seen or measured with certainty. The reason is that 
on account of irregularities in atmospheric refraction, the image 
of a star in the telescope is rarely tranquil, sometimes it shines 
brightly in the centre of the slit, sometimes barely in the slit at 
all, and the eye becomes puzzled and confused. But the photo¬ 
graphic eye is not in the least disturbed ; when the star image is 
in the slit, the plate goes on recording what it sees, and when 
the star is not in the slit the plate does nothing, and it is of no 
consequence whatever how rapidly these alternate appearances 
and disappearances recur. The only difference is that when 
the air is very steady and the star’s image, therefore, always in 
the slit, the exposure takes less time than when the star is 
unsteady. 

That is one reason why the Potsdam results are so accurate. 
And there are many other reasons besides, into which I cannot 
now enter. What, however, it is very important to note is this, 
that we have here a method which is to a great extent inde¬ 
pendent of the atmospheric disturbances which in all other 
departments of astronomical observation have imposed a limit 
to their precision. Accurate astrospectroscopy, therefore, may 
be pushed to a degree of perfection which is limited only by the 
optical aid at our disposal and by the sensibility of our photo¬ 
graphic plates. 

And now I think we have sufficiently considered the ordinary 
processes of astronomical observation to illustrate the character 
of the work of an astronomer at night. The picture should be 
completed by an account of his work by day ; but to go into 
that matter in detail would certainly not be within the limits of 
this lecture. It is better that I should in conclusion touch upon 
some recent remarkable results of these day and night labours. 
It is these after all that most appeal to you ; it is for these that 
the astronomer labours ; it is the prospect of them that lightens 
the long watches of the night and gives life to the otherwise 
dead bones of mechanical routine. 

Let us take first some spectroscopic results. To explain their 
meaning let me remind you for a moment of the familiar analogy 
between light and sound. 

The pitch of a musical note depends on the rapidity of the 
vibrations communicated to the air by the reed or string of the 
musical instrument that produces the note, a low note being 
given by slow vibrations and a high one by quick vibrations. 

Just in the same way red light depends on relatively slow 
vibrations of ether, and blue or violet light on relatively quick 
vibrations. Well, if there is a railway train rapidly approaching 
one, and the engine sounds its whistle, more waves of sound 
from that whistle will reach the ear in a second of time than 
would reach the ear were the train at rest. On the other hand, 
if the train is travelling at the same rate away from the observer, 
fewer waves of sound will reach his ears in a second of time. 
Therefore an observer beside the line should observe a distinct 
change of pitch in the note of the engine whistle as the train 
passes him, and as a matter of fact such a change of pitch can 
be and has been observed. 

Just in the same way, if a source of light could be moved 
rapidly enough towards an observer it would become bluer, or 
if away from him it would become more red in colour. Only it 
would require a change of velocity in the moving light of some 
thousands of miles per second in order to render the difference 
of colour sensible to the eye. The experiment is, therefore, not 
likely to be frequently shown at this lecture table ! 

But the spectroscope enables such changes of colour to be 
measured with extreme precision. Here on the screen is the 
most splendid illustration of this that exists at present, viz. 
copies of three negatives of the spectrum of a Aurigse, taken at 
Potsdam in October and December of 1888, and in March 
1889. 

The black line (the picture being a negative) represents the 
bright line H7 given by the artificial light of hydrogen, the 
strong white line in the picture corresponds to the black absorp¬ 
tion line which is due to hydrogen in the atmosphere of the 
star. 

Why is it that the artificial hydrogen line does not correspond 
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with the stellar line in all these pictures? The answer isy either 
the star is moving towards or from the earth in the line of sight,' 
or the earth is moving from or towards the star. Bat in De¬ 
cember the earth in its motion round the sun is moving at right 
-angles to the direction of a Auriga?: why then does not the 
stellar hydrogen line agree in position with the terrestrial 
hydrogen line? The simple explanation is that a Aurigse is 
moving with respect to the sun. 

In what way is it moving? Well, that also is clear; the 
•stellar line is displaced towards the red end of the spectrum— 
that is to say, the star light is redder than it should be in con¬ 
sequence of a motion of recession ; this proves that the star is 
moving away from us, and measures of the photograph show the 
rate of this motion to be 1 5 i miles per second. We also know 
that in October the earth, in its motion round the sun, is mov¬ 
ing towards'; a Auriga? nearly at the same rate as we have just 
seen that a Aurigse is running away from the sun. Conse¬ 
quently, at that time, their: relative motions are nearly in¬ 
sensible, because both are going at the same rate in the same 
direction, and we find accordingly in October that the positions 
of the stellar and artificial hydrogen lines perfectly correspond. 
Finally, in March, the earth, in its motion round the sun, is 
moving away from a Aurigse, and as a Aurigse is also running 
away from the sun, the star-light becomes so .much redder than 
normal that the stellar hydrogen line is shifted completely to 
one side of the hydrogen and artificial line. 

The accuracy of these results may be proved as follows :— 

If we measure all the photographs of a Aurigse which Dr. 
Vogel has obtained, we can derive from each a determination of 
the relative velocity of the motion of the star with respect to our 
earth. 

Of course these velocities are made up of the velocity of 
motion of a Aurigse with respect to the sun (which we may 
reasonably assume to be a uniform velocity) and the velocity of 
the earth due to -its motion round the sun. But the velocity of 
the earth’s motion in its orbit is known with an accuracy of 
about one five-hundredth part of its amount, and therefore, 
■within that accuracy, we can allow precisely for its effect on 
the relative velocity of the earth and a Aurigse. When we 
have done so we get the following results for the velocity of 
the motion of a Auriga? with respect to the sun. You see by 
the following table how beautifully they agree in the Potsdam 
results, and how comparatively rough and unreliable are the 
results obtained by the older method at Greenwich ;— 


a Auriga?—Pols dam. 


Date. 

1888. 


Observed relative 
motion of 
earth and star. 
Miles per sec. 


Motion of 
earth. 


Concluded motion. 
Star relative to the 
sun. 


October 22 

+ 2-5 

- 130 

+ 

I 5 S 

,, 24 

+ 3 1 

- I2'4 

+ 

IS '5 

„ 25 

+ 3 1 

- 12'4 

+ 

1 5 '5 

„ 28 ... 

November 9 

+ 2-5 

- 11-8 

+ 

i 4’3 

+ 6-8 

- 87 

+ 

IS '5 

December 1 

+ u-8 

- 3 '" 

+ 

149 

> i *3 

+ I 4'9 

+ o-6 

+ 

> 4'3 

138 g. 


+ 6-3 



January 2 ... 

+ 20 '5 

+ 

137 

February 5 

+ 3 2 '9 

+ i 4'3 

+ 

186 

.March 6 . 

+ 34'2 

+ 16-8 

+ 

17-4 


a Auriga — Greenwich. 
Observed relative 
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I believe that in a few years—at least, in a period of time 
that one may hope to see—we shall not be content merely to 
correct our results for the motion of the earth in its orbit only, 
and so test our observations of motion in the line of sight, but 
that we shall have arrived at a certainty and precision of work¬ 
ing which will permit the process to be reversed , and that we 
shall be employing the spectroscope to determine the velocity 
of the earth’s motion in its orbit, or, in other words, to deter¬ 
mine the fundamental unit of astronomy, the distance of the 
sun from the earth. 

I will take as another example one recent remarkable spectro¬ 
scopic discovery. 

Miss Maury, in examining a number of photographs of stellar 
spectra taken at Harvard College, discovered that in the spec¬ 
trum of $ Auriga? certain lines doubled themselves every two 
days, becoming single in the intermediate days. Accurate Pots¬ 
dam observations confirmed the conclusion. 

The picture on the screen shows the spectrum of £ Auriga? 
photographed on November 22 and 25 of la-,t year. In the. first 
the lines are single ; in the other every line is doubled. Mea¬ 
sures and discussion of a number : of these photographs have 
shown that the doubling cf the lines is perfectly accounted for 
by the supposition of two suns revolving round each other in a 
period of four days, each moving at a velocity of about 70 miles 
a second in its orbit. 

-When one star is approaching us and the o:her receding, the 
lines in the spectrum formed by the light of the first star will.be 
moved towards the blue end of the spectrum, those in the spec¬ 
trum of the second star towards the red end of the spectrum. 
Then, as the two stars come into the same line with us, their 
motions become at right angles to the line of sight, and their 
two spectra, not being affected by motion, will perfectly coin¬ 
cide ; but then, after the stars cross, their spectra again sepa¬ 
rate in the opposite direction, and so they go on. 

Thus by means of their spectra we are in a position to watGh 
and to measure the relative motions of two objects that we can 
never see apart—nay more, we can determine not only their 
period of revolution, but also, the velocity of their motions in 
their orbits. Now, if we know the time that a body takes to 
complete its revolution, and the velocity at which it moves, 
clearly we know the dimensions of ils orbit; and if we know the 
dimensions of an orbit we know what attractive force is neces¬ 
sary to compel the body to keep in that orbit, and thus we are 
able to weigh these bodies. The components of /3 Aurigse are 
two suns, which revolve about each other in four days ; they are 
only between 7 and 8 millions of miles (or one-twelfth of 
our distance from the sun) apart, and if they are of equal 
weight they each weigh rather over double the weight of 
our sun. 

I have little doubt that these facts do not represent a per¬ 
manent condition, but simply a stage of evolution in the life- 
history of the system, an earlier stage of which may have been 
a nebular one. 

Other similar double-stars have been discovered both at Pots¬ 
dam and at Cambridge, U.S., stars that we shall never see sepa¬ 
rately with the eye aided by the most powerful telescope ; but 
time does not permit me to enter into any account of them. 

I pass now to another recent result that is of great cosmical 
interest. 

The Cape photographic star charting of the southern hemi¬ 
sphere has been already referred to. In comparing the existing 
eye-estimates of magnitude by Dr. Gould with the photographic 
determinations of these magnitudes, both Prof. Kapteyn and 
myself have been greatly struck with a very considerable sys¬ 
tematic discordance between the two. In the rich parts of the 
sky—that is, in the Milky Way—the stars are systematically 
photographically brighter by comparison with the eye-observa¬ 
tions than they are in the poorer part of the sky, and that not 
by any doubtful amount, but by half or three fourths of a mag¬ 
nitude. One of two things was certain—either that the eye- 
observations were wrong, or that the stars of the Milky Way 
are bluer or whiter than other stars. But Prof. Pickering, of 
Cambridge, America, has lately been making a complete photo¬ 
graphic review of the heavens, and, by placing a prism in front 
of the telescope, he has made pictures of the whole sky like thi-\ 
[Here two examples of the plates of Pickering’s spectroscopic 
Durchmusterung were exhibited on the screen.] He has dis¬ 
cussed the various types of the spectra of the b ighter stars, as 
thus revealed, according to their distribution in the sky. He 
finds thus that the stars of the Sirius type occur chiefly in the 
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Milky Way, whilst stars of other types are fairly divided over 
the sky. 

Now, j-tars of the Sirius type are very white stars, very rich, 
relative to other stars, in the rays which act most strongly on a 
photographic plate. Here, then, is the explanation of the 
results of our photographic star-charting and of the discordance 
between the photographic and visual magnitudes in the Milky 
Way. 

The results of the Cape charting further show that it is not 
alone to the brighter stars that this discordance extends, but it 
extends also, though in a rather less degree, to the fainter stars 
of the Milky Way. Therefore, we may come to the very re¬ 
markable conclusion that the Milky Way is a thing apart, and 
that it has been developed perhaps in a different manner, or 
more probably at a different and probably later epoch, from the 
rest of the sidereal universe. 

Here is another interesting cosmieal revelation which we owe 
to photography. 

You all know the beautiful constellation Orion, and many in 
this theatre have before seen the photograph of the nebula which 
is now on the screen, taken by Mr. Roberts. 

Here is another photograph of the same object, taken with 
a much longer exposure. You see how over-exposed, in fact 
burnt out, the brightest part of the picture is, and yet what a 
wonderful development of faint additional nebulous matter is 
revealed. 

But I do not think that many persons in this room have seen 
this picture, and probably very few have any idea what it repre¬ 
sents. It is from the original negative taken by Prof. Pickering, 
with a small photographic lens of short focu-*, after six hours’ 
exposure in the clear air of the Andes, 10,000 feet above sea- 
level. 

The field embraces the three well-known stars in the belt 
of Orion, on the one hand, ahd £ Orionis (Rigel) on the other. 
You can hardly recognize these great white patches as stars; 
their ill-defined character is simply the result of excessive over¬ 
exposure. But mark the wonders which this long exposure with 
a lens of high intrinsic brilliancy of image has revealed. Here 
is the great nebula, of course terribly over-exposed ; but note 
its wonderful fainter ramifications. See how the whole area is 
more or less nebulous, and surrounded as it were with a ring 
fence of nebulous matter. This nebulosity shows a special 
concentration about £ Orionis. 

Well, when Prof. Pickering got this wonderful picture, know¬ 
ing that I was occupied with investigations on the distances of 
the fixed stars, he wrote to ask whether I had made any obser¬ 
vations to determine the distance of ,8 Orionis, as it would be of 
great interest to know, from independent evidence, wheLlier this 
very bright star was really near to us or not. It so happens 
that the observations were made, and their definitive reduction 
has shown that Orionis is really at the same distance from us 
as are the faint comparison stars. /3 Orionis is, therefore, prob¬ 
ably part and parcel of an enormous system in an advanced but 
incomplete state of stellar evolution, and that what we have seen 
in this wonderful picture is all a part of that system. 

I should explain what I mean by an elementary or by an 
advanced state of stellar evolution. There is but one theory of 
celestial evolution which has so far survived the test of time and 
comparison with observed facts, viz. the nebular hypothesis of 
Laplace. Laplace supposed that the sun was originally a huge 
gaseous or nebulous mass, of a diameter far greater than the 
orbit of Neptune. I say originally —do not misunderstand me. 
We have finite minds; we can imagine a condition of things 
which might be supposed to occur at any particular instant of 
time however remote, and at any particular distance of space 
however great, and we may frame a theory beginning at another 
time still more remote, and so on. But we can never imagine a 
theory beginning at an infinite distance of time or at an in¬ 
finitely distant point in space. Thus, in any theory which man 
with his finite mind can devise, when we talk of originally we 
simply mean at or during the time considered in our theory. 

Now, Laplace's theory begins at a time, millions on millions 
of years ago, when the sun had so far disentangled itself from 
chaos, and its component gaseous particles had by mutual at¬ 
traction so far coalesced, as to form an enormous gaseous ball, 
far greater in diameter than the orbit of the remotest planet of 
our present system. The central part of this ball was certainly 
much more condensed than the rest, and the whole ball revolved. 
There is nothing improbable in this hypothesis. If gaseous 
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matter came together from different parts of space, such coali¬ 
tion would unquestionably occur, and as in the meeting of oppo¬ 
site streams of water or of opposite currents of wind, vortices- 
would be created, and revolution about an axis set up, such as 
we are familiar with in the case of whirlpools or cyclones. The- 
resultant would be rotation of the whole globular gaseous mass- 
about an axis. 

Now’ this gaseous globe begins to cool, and as it cools it 
necessarily contracts. Then follows a necessary result of con¬ 
traction, viz the rotation becomes more rapid. This is a well- 
known fact in dynamics, about which there is no doubt. Thus* 
the cooling and the contracting go on, and, simultaneously, the 
velocity of rotation becomes greater and greater. At last the 
time arrives when, for the outside particles, the velocity of rota¬ 
tion becomes such that the centrifugal force is greater than the 
attractive force, and so the outside particles break off and form 
a ring. Then, as the process of cooling and contraction pro¬ 
ceeds still further, another ring is formed, and so on, till we 
have, finally, a succession of rings and a condensed central balk 
If from any cause the cooling of any of these rings does not go 
on uniformly, or if some of the gaseous matter of the ring .is 
more easily liquefied than others, then probably a single nueleus- 
of liquid matter will be formed in that ring, and this nucleus 
will finally, by attraction, absorb the whole of the matter of 
which the ring is composed—at first as a ga eous ball with a 
condensed nucleus, and this will finally solidify into a plandt. 
Or, meanwhile, this yet unformed planet may repeat the history 
of its parent sun. By contraction, and consequent acceleration 
of its rotation, it may throw off one or more rings, which in like 
manner condense into satellites like our moon, or those of 
Jupiter, Saturn, Uranus, or Neptune. Such, very briefly out¬ 
lined, is the celebrated nebular hypothesis of Laplace. Na ode- 
can positively say that the hypothesis is true, still less can any¬ 
one say that it is untrue. Time does not permit me to enter 
into the very strong proofs which Laplace urged in favour of its- 
acceptance. 

But I beg you for one moment to cast your imaginations back, 
to a period of time long antecedent to that when our sun had 
begun to disentangle itself from chaos, and when the fleecy 
clouds of cosmic stuff had but commenced to rush together,. 
What should we see in such a case, were there a true basis for 
the theory of Laplace? Certainly, in the first place,we should 
have a huge whirlpool or cyclone of cosmic gaseous stuff, the 
formation of rings, and the condensation of these rings into 
gaseous globes. 

Remembering this, look now on this wonderful photograph 
of the nebula in Andromeda, made by Mr, Roberts. In the 
largest telescopes this nebula appears simply as an oval patch Of 
nearly uniform light, with a few dark canals through it, but a o- 
idea of its true form can be obtained, po trace can be found of 
the significant story which this photograph tells. It is a picture 
that no human eye, unaided by photography, has ever seen. It 
is a true picture drawn without the intervention of the hand of 
fallible man,- and uninfluenced by his bias or imagination. 
Have we not here, so at least it seems to me, a picture of a very 
early stage in the evolution of a star-cluster or sun-system—a 
phase in the history of another star-system similar to that which 
once occurred in our own—millions and millions of years ago, 
when our earth, nay, even our sun itself, “was without fora* 
and void,” and “darkness was on the face of the deep.” 

During this lecture I have been able to trace but very imper¬ 
fectly the bare outlines of an astronomer’s woik in a modern 
observatory, and to give you a very few of its latest results— 
results which do not come by chance, but by hard labour, and 
to men who have patience to face dull daily routine for the love 
of science—to men who realize the imperfections of their 
methods, and are constantly on the alert to improve them. 

The mills of the astronomer grind slowly, and he must be 
infinitely careful and watchful if he would have them, like the 
mills of God, to grind exceeding small. 

I think he may well take for his motto these beautiful lines— 

“ Like the star 
Which shines afar, 

Wiihuut haste, 

Without rest, 

Let each man wheel 
With steady sway, 

Round the task 
Which rules the day, 

And do his best.” 
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